to other gating states. Based on these experimentally observed properties we propose that PIP2 binding is the molecular basis for the mode switching behavior in the model by Silva et al., and it underlies spontaneous adaptation of IKs current to changes in cycle length. We test these hypotheses using kinetic and cellular computational models and experimental protocols simulating fast heart rates. 
Previous studies showed that acute angiotensin II (AngII) application decreases I Ks in ventricular myocytes, but increases I Ks in atrial myocytes from guineapig (GPV and GPA). Chronic AngII application (released by implanted mini-pump, 4 weeks) also decreases I Ks in GPV but increases I Ks in GPA. Extrapolating these observations to human heart suggests that AngII may increase the risk for long QT and atrial fibrillation by differentially remodeling ventricular and atrial I Ks , respectively. Recently we identify a fundamental difference in I Ks between GPV and GPA: KCNQ1 and KCNE1 (Q1 and E1, pore-forming and auxiliary I Ks subunits) are largely separated in GPV (Q1 intracellular while E1 on surface) but better colocalized on cell surface in GPA. Furthermore, AngII incubation induces significant Q1 translocation to cell surface in GPV but not in GPA. We hypothesize that AngII modulation of I Ks involves multiple signaling pathways, which develop with different time courses and exert differential effects on I Ks . We test this hypothesis by coexpressing Q1, E1, and AngII-receptor (AT1R) in COS-7 cells, and monitor AngII (1 uM) effects on I Ks using patch clamp recording, confocal imaging, and protein fractionation/biochemical quantification. Acute AngII exposure reduces I Ks (some with early transient increase) and right shifts V 0.5 of activation. Overexpressing Ca-binding-deficient calmodulin reduces these effects. Incubation with AngII for 1 or 24 hr followed by patch clamp in the absence of AngII shows that I Ks is increased over time-control. Cell surface Q1 protein level is higher after 1-hr AngII incubation. After 24-hr AngII incubation, cell surface Q1 level is the same as time-control, but overall Q1 protein level is higher. These data suggest that AngII modulation of I Ks involves [Ca] i elevation/ PKC activation/PIP 2 depletion (acute), Q1 translocation to cell surface (1 hr), changes in Q1 biosynthesis and/or degradation (24 hr).
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Novel Role for Kchip2 as a Transcriptional Regulator of Cardiac Genes Drew M. Nassal, Haiyan Liu, Xiaoping Wan, Eckhard Ficker, Isabelle Deschenes. Case Western Reserve University, Cleveland, OH, USA. Introduction: Cardiac ion channel disregulation is a hallmark of heart failure. Consistently, the disease yields dramatic decline in I to through loss in Kv4 and its auxiliary partner KChIP2. Notably, transcriptional changes in heart failure can be elicited through KChIP2 silencing in the absence of disease signaling, suggesting potential transcriptional capacity for KChIP2. Further, disparity between resulting transcript and protein patterns suggests a mechanism compatible with modified miRNA activity. Considering other members of the KChIP family behave as transcriptional repressors, we hypothesize that KChIP2 regulates discrete microRNAs which in turn regulate cardiac excitability. Methods and Results: A miRNA microarray was conducted on neonatal rat ventricular myocytes (NRVM) following in vitro silencing of KChIP2 by siRNA, identifying the miR-34 family as potential transcriptional targets of KChIP2. Regulation confirmed by quantitative PCR, showed reduction in miR-34a/b/c when over-expressing KChIP2 and increase following silencing. To assess whether KChIP2 modulated transcriptional activity of these miRNAs directly, reporter assays were conducted on the cloned promoter of miR-34b/c. Expression of this vector with KChIP2 confirmed its repressive behavior on the miR-34b/c promoter. Furthermore, chromatin immunoprecipitation following PCR of putative binding sites confirmed binding of KChIP2 to the miR-34b/c promoter. Since modified expression of KChIP2 can lead to changes in several ion channel subunits, we investigated whether this was the consequence of KChIP2 regulation via miR-34. Therefore, miR-34a/b/c precursor was expressed in NRVM which reduced transcript levels of Nav1.5 and Navb1. Conversely, transcripts for Kv4.3 were maintained but experienced reduced protein expression. Reflecting these changes, peak I Na was reduced following miR precursor treatment. Conclusion: Taken together, these observations describe a novel mechanism where KChIP2 regulates a host of cardiac genes through transcriptional control of miRNAs, potentially explaining electrical remodeling observed in disease states where KChIP2 is reduced. Calmodulin (CaM) and phosphatidylinositol 4,5-bisphosphate (PIP 2 ) are involved in controlling the gating of KCNQ ("M-type") K þ channels. It is well established that CaM has affinity for both the A and B helices of the KCNQ proximal C-terminus, and previous work indicates that CaM may be constitutively bound to the B helix. KCNQ channels are also suggested to contain multiple PIP 2 -binding sites, including a region of basic residues between the A and B helices (A-B linker) and a basic region at the C-terminal junction with the S6 transmembrane domain (S6Jx). Using a novel approach to understand the mechanisms controlling the modulation of KCNQ channels, we compared the biochemical affinities of PIP 2 and CaM for these corresponding domains. Isothermal titration calorimetry (ITC) revealed a high affinity of Ca 2þ /CaM for a peptide corresponding to the KCNQ3 B helix (K d~8 2 nM), whereas Ca 2þ /CaM bound the A helix with a much higher K d (~2 mM). The interactions between apo-CaM and the A or B helix peptide were not strong enough to obtain K d values. Analytical ultracentrifugation results indicated that PIP 2 directly bound to the S6Jx peptide, whereas its interaction with the A helix-B helix linker peptide is, as yet, indeterminate. These findings support the idea that CaM binds both the A and B helices of the KCNQ C-terminal domain in a Ca 2þ -dependent manner. Since the S6Jx domain is known to be close to the cell membrane by many structural studies of K þ channels, these data also suggest that only a very small conformational change in the C-termini of KCNQ channels is required to alter its binding to membrane PIP 2 . We will present more biochemical results that should help define the structural and molecular mechanism of PIP 2 and CaM actions on KCNQ channels.
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Use of a Voltage-Sensitive Phosphatase Highlights Two PiP2-Binding Sites in the C-Terminus of KCNQ3 Channels Frank S. Choveau, Mark S. Shapiro. UTHSCSA, San Antonio, TX, USA. Phosphatidylinositol 4,5-bisphosphate (PIP2) is necessary for the activation of KCNQ K þ channels. Many studies have investigated the location of the PIP2-binding site on those channels, which have implicated PIP2 interactions with the C-terminus. Our lab has suggested PIP2 to bind to the linker between helices A and B in the C-terminus of KCNQ3 (Hernandez et al., 2008, JGP, 132) . Here, we find that deletion of this linker in well-expressing KCNQ3 A315T (KCNQ3T) channels decreased current amplitudes. Use of a voltage-sensitive phosphatase from danio rerio (Dr-VSP), which dephosphorylates PIP2 upon strong membrane depolarizations, suggests this decrease of current to be due to a lower PIP2 affinity for the channels, as assayed by the rates of current decay at 120 mV, and of current recovery at 30 mV. However, other labs have reported PIP2 to interact with the initial (pre-A helix) domain of the C-terminus (Zhang et al., 2003, Neuron, 37; Thomas et al., 2011, JBC, 286; Telezhkin et al., 2013, Pflugers Arch, 465) . Residues (K354, K358, R360, and K362) in KCNQ1 and (H328 and R325) in KCNQ2 have been suggested to interact with PIP2. Since these residues are conserved in KCNQ2-5 channels, those residues may play a role in PIP2-channel interactions for KCNQ3. We found the R364A (corresponding to R360 in KCNQ1 and R325 in KCNQ2) and the H367C (corresponding to H328 in KCNQ2) mutations in KCNQ3T decreased current amplitudes. Dr-VSP showed the PIP2 affinity of these mutants to be decreased, suggesting the decrease of current for these mutants is also due to a lower PIP2 affinity for the channels. Our results suggest that PIP2 likely binds both to the linker between helices A and B and to the initial C-terminal domain in KCNQ3 channels.
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Phosphoinositide Regulation of the Mechanosensitive Piezo Channels Istvan Borbiro, Doreen Badheka, Tibor Rohacs. Rutgers NJMS, Newark, NJ, USA. Phosphoinositides are fundamental membrane lipids, e.g. phosphatidylinositol 4,5-bisphosphate (PIP 2 ) is the long known precursor for second messengers such as inositol 1,4,5-trisphosphate (IP 3 ) and diacylglycerol (DAG). They are also involved in the regulation of ion channels, serve as membrane anchor for the cytoskeleton and required for hair cell function. The novel mechanically gated ion channel Piezo1 is a key player in erythrocyte volume regulation and Piezo2 is responsible for the rapidly adapting mechanically activated currents in sensory neurons. Mechanosensitive ion channels are proposed to be regulated by the cytoskeleton and membrane lipids in general. Piezo1 channel activity is inhibited by the disruption of the actin cytoskeleton, and its sensitivity to mechanical stimuli is increased by hypotonic swelling, however, the lipid regulation of these channels remains unexplored. Piezo channels are activated by mechanical stimuli when expressed in heterologous systems unlike most mechanosensitive ion channel candidates. Taking 750a Wednesday, February 19, 2014 
